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SYNOPSIS 

SOME EXPERIMENTAL IjWESTIGATIONS IN 
MATERIAL DAl'lPING 

A Thesis Subraitted 

In Partial FiLLfilment of the Req-uirenients 
for the Degree of 

MASTER OF TECHI'JOLOGY 
by 

Lt. R, RAliMATHULIAI-i , I.N, 
to the 

Department of Mechanical Engineering 
Indian Institute of Technology, Kanpur 

September 1978 

Uie major objectives of this thesis are to 
develop a test-rig for measuring material damping and to 
use it to investigate the possibility of improvement of 
the damping capacity of structural members with introduced 
stress concentration and high damping inserts. Record of 
the free vibration of a cantilever specimen in vacuum has 
been used for evaluation of the material damping charac- 
teristics. The test- rig has been found to measure accu- 
rately tile damping cheracteri sties of even low damping 
materials like xUui'iinium. Damping constants of Aluminium, 
Cast Iron, Bakelite and Perspex have been evaluated. 

Stress concentration in Cast Iron and Bakelite 
specimens has been introduced by drilling circular holes. 
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IniproTemen t in the damping capacity oT these specimens 
has been studied by using the test-rig. No significant 
improvement in the da^nping capacity has been observed in 
the case of the Cast Iron specimen. About improvement 
in the damping capacity?- of the Eakelite specimens is 
obtained vrith an optimum size of the holes. 

Inserts of Cast Iron, Eakelite and Perspex have 
been press-fitted into Aluminium strips to investigate 
the possibility of damping improvement by the use of high 
damping inserts. Cast Iron and Eakelite inserts have been 
found to give considerable improvement in the damping 
capacity of the Almiinium strip whereas there is no 
significant improvement with Perspex inserts. Change in 
the static rigidity of the specimen with holes and inserts 
has been found to be insignificant in all the cases. 
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INTRO rUCTION 


1,1 Introduction 

Damping of a system is defined as the energy 
dissipation property of the system under cyclic loading. 

In structural members, the presence of adequate damping is 
often necessary to obtain suitable djmamic characteristics. 
Control of vibration and noise levels, specially at reso- 
nance, necessitates that the stiuctural members be well 
damped. Most mechanical systems contain natural energy 
dissipation sinks at interfaces, joints, stress concentra- 
tion areas and in the material itself. Artificial methods 
to increase the damping capacity of a system include the 
use of dash pots, interfacial slip damping, surface damp- 
ing treatments etc. (JJ ' '^^ere are situations, however, 
where the increment of the damping capacity cannot be 
achieved using the above artificial methods without 
hampering the functioning of the system. In such cases one 
has to depend on the inherent property of the material to 
dissipate the vibratory energy within itself. This energy 
is generally dissipated internally as heat [^2]], Sometimes, 
however, a small part of the damping energy is absorbed 

^Numbers in box brackets designate References at the 
end of the text. 
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by internal structural changes that raises the internal 
energy level of the material. 

There are certain materials which have a hi^ 
damping capacity but low fatigue strength. Hence, a com- 
promise has to be established between the two when using 
such materials for structures to be subjected to dynamic 
loading, Lazan D3 showed that the damping capacity of 
certain plastics is high enough to compensate for their 
low fatigue strength. 

It has also been observed, from the properties of 
most of the available materials, that high damping capa- 
city is possessed by those having poor strength and rigi- 
dity characteristics. Fortunately, the overall energy 
dissipation of a structure due to internal friction also 
depends on the design of the structure and its loading 
conditions. This is due to the dependence of the rate of 
energy dissipation on the magnitude of the dynamic stress 
at every point. This fact allows us to increase the 
damping capacity of a structure either by properly introdu- 
cing hi^ damping materials in small, amounts or by suitably 
introducing stress concentration to change the overall 
stress distribution in the structure under the same load- 
ing condition. It should be noted that both these methods 
enhance the possibility of fatigue failure. Thus, these 
methods seem to be more suitable for structures designed 
on the 'basis of rigidity rather than strength considerations. 
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1.2 Short Review of Previous Work 

Research on the damping properties of solid 
' materials and their engineering significance started as 
early as 1784 when Coulomb conducted experiments and 
reported in his 'Memoir on Torsion' that the damping imder 
torsional oscillations is not caused by air friction but 
by internal losses in the material. Till about 1950, 
many torsional vibration studies were undertaken on damp- 
ing and 'internal friction' in metals and on the effect 
of such variables as stress amplitude, frequency, tempera- 
ture, permanent strain, etc, and also to establish possible 
relationships between internal damping and other proper- 
ties like fatigue strength. 

Since 1950 damping and internal friction measure- 
ments on metals have become important as a tool for 
studying solid-state structures and micromechanisms. 
Recently the importance of damping as an engineering pro- 
perty, particularly in structures under dynamic loads, 
has motivated the scientific and engineering interest in 
the damping of polymers, elastomers, other non-metallic 
materials, and high-damping alloys. 

In 1953 j Lazan showed that by introducing 
a proper stress distribution in a beam just by changing 
the shape of its cross section, the overall damping 
capacity of the beam can be increased. A considerable 
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amount of research has been conducted to evaluate the 
damping characteristics of members with brazed joints, 
notches and in Ball and Roller bearings [I5l]« 

Mallik and Ghosh Q6, 71 have reported that the 
damping capacity of structural members can be improved by 
introduced stress concentration and by using high damping 
elastic inserts. 

In reference [bH they considered the transverse 
vibrations of a cantilever strip with a series of holes 
drilled into it. They concluded that the method gives 
considerable increment in the damping capacity of the 
specimen only if the damping exponent ( n ) of the mate- 
rial is high. They also establislied the existence of an 
optim'om diameter for the holes and the corresponding 
insignificant fall in the static rigidity. 

In reference ra, the same strip was considered 
with a series of high damping elastic insercs in it. Two 
extreme cases were analysed, namely, welded inserts and 
press-fit inserts with zero interference. Theoretical 
analysis for different sizes and materials of inserts 
showed that 

(i) both, welded and press-fit inserts consider- 
ably increase the damping capacity of 
structural members without any significant 
loss in static rigidity, 
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(ii) press~fit inserts perform better than welded 
inserts, and 

(iii) there exists an optimian size of the annular 
inserts in case they are welded, but in case 
they are press-fitted, solid inserts give 
maximum improvement in the damping capacity. 

With proper choices of insert materials, the 
increment in the damping has been found to be high enough 
so as to offset the effect of stress concentration result- 
ing in higher dynamic load carrying capacity m. 

1»3 Objective and Scope of the Present Work 

The objective of the present work can be enume- 
rated \inder two headings t 

(i) Development of a Test-Rig to measure accurately 
material damping which noimally is of a very 
low order. 

(ii) Experimental verification of the possible improve- 
ment of the damping -capacity of structural 
members with introduced stress concentration 
and high damping inserts as analysed in 
references C6D and m . 

In the first phase of the work,- a test-rig to 
measure the damping characteristics of a cantilever 
specimen has been developed. To minimize the effect of 
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air damping, arrangements have been made to vibrate the 
specimen in vacuima. An ALuminium specimen has been chosen 
for the pilot experiments to determine the capability of 
the test-rig. From the specimen damping characteristics, 
damping ciharacteri sties of four different materials, 
namely, Alriminium, Cast Iron, Bakelite,and Perspex, have 
been determined. 

The next phase of the work consists of conduct- 
ing experiments to evaluate bhe improvemonb of the damping 
capacity of specimens with introduced stress concentration 
and inserts, using the test-rig. Investigations on the 
improvement of damping capacity with introduced stress 
concentration have been carried out on specimens of two 
different materials, namely. Cast Iron and Bakelite. The 
improvement of the damping capacity has been expressed as 
a ratio of the logarithmic decrements of the specimens, 
with and without introduced stress concentration, measured 
at the same amplitude of the free end. The loss in the 
static rigidity of the specimen due to the holes has also 
been investigated. 

Aluminium specimens, with inserts (both, solid 
and annular) of Cast Iron, Bakelite and Perspex, have 
been tested to investigate the improvement in the damp- 
ing capacity and the change in the static rigidity. 

Here also, the ratio of the logarithmic decrements of 
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the specimens with and without inserts has been used to 
express the improvement in the damping capacity. 

The limitations of the present work are as 
listed below. 

(i) All experiments have been conducted covering 
low and Intermediate ranges of strain. 

(ii) Only the overall damping improvement is given 
and no attempt has been made to pin-point 
specific contributions from different mechanisms. 

(iii) No attempt lias been made to determine the change 
in fatigue strength when holes and inserts were 
used. 

(iv) Equivalent static stress analysis has been used 
while evaluating the damping constants of the 
material from specimen characteid. sties. 
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FUI'jDA]':SNTALS OF DAPIPING 
2.1 Different Indices for Damping Capacity 

The nature of the sources of energy dissipation 
and associated mechanisms present in a systein, are often 
different from one another. Hence the necessity arises 
to use different indices to specify the damping capacity 
of various systems C93 The commonly used indices of 
damping and their inter-relationships are discussed below. 

(i) Viscous damping coefficient; If the damping 
force present in a system is proportional to the velocity 
of oscillation, then the damping is said to be of viscous 
type and the proportionality constant is known as the 
viscous damping coefficient, commonly denoted by C, 

(il) Damping ratio; Often, the viscous damping 
coefficient is expressed as a non-dimensional quantity 

Q 

called damping ratio ? = — where the critical damping 

c 

coefficient = 2 m with m = mass and = natural 
frequency of the system. It should be noted that this 
definition is valid only for single degree of freedom 
systems. For multi-degree of freedom systems this con- 
cept can be used to express the modal damping when m 
will represent the modal mass and the natural 

frequency of that particular mode. 



(ill) Equivalent viscous damping coefficients Even 
if the damping present in a system is not truly of viscous 
nature, it can be represented by an equivalent viscous 
damping coefficient for ease of subsequent mathematical 
analysis. The equivalence is obtained from the considera- 
tion of equal energy dissipation per cycle. The equivalent 
viscous damping coefficient, is given by Eion 


■where 




: ^ ( 2 . 1 . 1 ) 

iru X 

o 

energy dissipated by the system per cycle 
for haimonic oscillations with frequency 
“ and amplitude X^. 


(iv) Hysteretic damping coefficient j In many cases 
(particiiLarly in cases of material damping) it is found 
that the energy dissipated per cycle of harmonic motion 
is independent of the frequency but proportional to the 
square of the amplitude. In such cases, one uses a 
hysteretic damping coefficient (h) and in the mathematical 
model, the viscous damping coefficient C is replaced by 

^ (for harmonic oscillations with frequency “ ). 

(v) Specific damping energy; Sometimes the damping 
capacity of a material is expressed by the energy dissi- 
pated by the material per unit volume per cycle of 
oscillation. Ihis q-uantity is termed as the specific 
damping energy (E^). 
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(tI) Specific damping capacity s This is a non- 

dimensional expression of the damping capacity of a mate- 
rial given hy 

D 

4 ’ = ( 2 . 1 . 2 ) 

V 

where is the maximum elastic energy stored per unit 

volume of the material in that cycle. 


(vii) Loss factors The damping capacity of a speci- 
men is also represented by a non-dimensional quantity called 
loss factor ( If the energy dissipated by a specimen 

per cycle be D and the maximum elastic energy stored 
in that cycle be W_ then the loss factor is defined as 

o 


r\ 


s 



2 7r 

o 


(2.1.3) 


Similarly the damping capacity of a material can 
also be defined in terms of the material loss factor ( ^5^^^) 
given by 

°v 

’k 2 ir (2.1.^) 


For linear visco-elastic mateidLalSj the loss factor 
defined by Eqn. (2.1.^) is also the ratio of the imagi- 
nary and the real parts of the appropriate elastic 
modulus 0l3* 


(viii) Logarithmic decrement: This parameter 
defines the rate of decay of the free vibration of a 



11 


system and is given by 


6 = In 


X 


n+1 


(2.1.5) 


where and are the two successive amplitudes 

of a free vibration record. For viscous damping, 6 is 
independent of n and can also be expressed as Cio H 


« = p i'’ 

^ n+p 


( 2 . 1 . 6 ) 


where ^n+p amplitude after p cycles from 


For free vibrations of a single degree of freedom system 
with small damping it can be shown that 


5 -v, 2 TT c V 


2 W, 


TT r\ 


(2.1.7) 


(ix) Half power band widths Let for a single degree 
of freedom system, under harmonic excitation, f be the 
frequency at which the peak amplitude occurs and Af be 
the difference of the two frequencies at vrhich the ampli- 


tude is 


1 


■/ 2 


times the peak amplitude. Then for small 

Af 


viscous damping, it can be shown that the quantity ^ 
know— -jas half power band width, is related to other 
expressions of damping as given below Do3 


AX 

f 


2 5 


( 2 , 1 . 8 ) 
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2.2 jEsperimental Methods for the 

Measurement of Material Damping 

The damping characteristics of a material can 
he determined both from free and forced vibration experi- 
ments. From the free vibration test, the decay rate of 
the amplitude is measured to yield an equivalent logarith- 
mic decrement as defined by Eqns. (2.1.6) and (2,1,7). 
Material damping characteristics can thereafter be deter- 
mined from this equivalent logarithmic decrement. This 
procedure has been used in the present work and will be 
elaborated in a subsequent chapter. 

At steady state condition under forced vibmtion, 
the energy input per cycle must be dissipated by the 
specimen in that cycle. Thus, the energy dissipated by 
the specimen per cycle (D^) can be directly determined by 
measuring the energy input per cycle to maintain steady 
state oscillations D2l. Another method of determining 
specimen damping characteristics from a forced vibration 
experiment is to measure the steady state amplitudes at 
various values of exciting frequencies. Then a graph of 
the amplitude versus frequency, known as the frequency- 
response curve, is plotted. Once this plot is obtained, 
one can use the half power band width index to obtain 
the damping capacity of the specimen D3> For compli- 
cated structures, the half power band widths associated 
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with different modes can be convenient! 3'- obtained from a 
polar plot of amplitude and phase difference between the 
excitation and the response. This plot is known as the 
Harmonic Response Locus • 

Once the specimen damping is obtained by one of 
these methods, the damping characteristics of the material 
can be determined subsequently. 



CHAPTER 3 


EXPERIMENTAL SET UP MW METHOD OF MEASUREt4MT 
3.1 Details of the Test-Rig and the Specimens 

The experimental set up and the associated 
instrumentation are shown in Figs, 3*1 3*2. The set up 

uses a Perspex vacuum chamber fitted onto a vice housing 
made of mild steel. This housing was made rigid by embed- 
ding it in a concrete foundation. One end of the specimen 
was ciamped in the vice. Care was taken to keep the clamp- 
ing torque at a constant suitable value (50 ft. lbs) so as 
to ensure negligible slip damping at the vice. This will 
be discussed in detail in the next chapter. Care was also 
taken to keep the clamped length constant in all the cases. 
The vacuiom chamber was evacuated by a mechanical vacuum 
pump and the vacuum created was measured by a mercury 
manometer. Free vibration of the specimen was initiated by 
means of an electro-magnet placed in the vacuum chamber, 
directly under the free end of the specimen. Ferro- 
magnetic strips were fixed onto the free ends of non- 
magnetic specimens. DC power to the electro-magnet was 
momentarily supplied and cut off to set the specimen in 
free vibration in its flexural mode. All connecting 
leads from the electro-magnet etc. were taken out through 
holes in the vacuum chamber. These holes, and all other 
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FIG. 3-1 EXPERIMENTAL SET-UP AND INSTRUMENTATION 






17 


joints in the vacuum chamber were sealed by Apiezon 
vacuum grease. 

Two strain gages were mounted on the top and 
bottom surfaces of all the specimens at a constant dis- 
tance from the fixed end. These two gages automatically 
provided temperature compensation and also doubled the 
output signal. The gages were pasted according to the 
gage manufacturers' instructions. The details of the four 
basic specimens, used for measurement of the dan 5 )ing 
capacities of different materials, are listed in Table 3o1 

A study on the effect of stress concentration on 

the damping properties was conducted on Cast Iron and 

Eakelite specimens. Stress concentration in the specimens 

was introduced by drilling circular holes at a pitch of 

1 

1 in,, starting at a distance of 2 in. from the fixed end. 
Care was taken to ensure that the strain gages were pasted 
equidistant from the first two holes. This was done to 
avoid the effect of stress concentration on the gages and 
to ensure that the strain gages gave a measure of the tip 
deflection. Three hole sizes were tried in succession 
on both the specimens. The hole sizes used were 0.25 in., 
0,^ in. and 0,5 in. 

To study the effect of inserts on damping 
capacities of cantilever strips, Aluminium specimens 
with inserts of different materials were used. The 
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overall dimensions of these specimens were identical to 
those of the Aluminiwii specimen mentioned in Table 3.1. 
First, holes of 1/4 in. diameter were drilled on the centre 
line, along the length of the specimen. The centre dis- 
tance between two successive holes was 1 in,, the first 
hole being at a distance of 1/2 in, from the fixed end. 

Care was taken to mount the strain gages equidistant from 
the first two holes. Cast Iron inserts, of thickness 
equal to the specimen thickness, were pressed into the 
holes of one specimen, Bakelite inserts into another and 
Perspex inserts into the third. After the experiments 
and computations to evaluate the damping properties of 
these specimens were completed, concentric holes of 1/8 in. 
diameter were drilled in all the inserts thus making them 
annular. Figure 3 *3 sliovrs a sketch of an Aluminium specimen 
with annular’ inserts. These specimens were tested again 
for their damping characteristics. 

In all, experiments and computations were conduc- 
ted on a total number of 16 specimens, the results of 
which will be discussed in a subsequent chapter. Figure 
3.4 shows a photograph of a few of these specimens, 

3.2 Instrumentation and Method of Measurement 

Figure 3.1 also shows the instrumentation used 
in the experiment. The leads from the two SR-4 strain 
gages were connected in a half bridge circuit incorporated 
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F16. 3-3 DETAILS OF ALUMINIUM SPECIMEN WITH ANNULAR INSERTS 
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FIG. 3, If DIFFERENT TYPES OF SPECIMENS 
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in a Budd Portable Strain Indicator, The output signal 
from the Strain Indicator was fed to a Honeyif/ell Visicorder 
Oscillograph through a Krohn-Hite Bahd Pass Filter. The 
Band-Pass Filter was used to remove all parasitic frequen- 
cies coming along trith the first natural frequency of the 
specimen. 

The fundamental frequency of the specimen was 
measured by setting the specimen in free vibrations by 
means of the electro-magnet and feeding the output signal 
from the Strain Indicator directly to the Visicorder, The 
time period of the free oscillation was measured from the 
portion of this record after a lapse of a few initial 
cycles. This was done to ensure that the vibration is 
predominantly at the first mode as the higher modes are 
damped out much faster than this. Once this first natural 
frequency was known, the filter was tuned to pass this 
frequency. The plot obtained from the Visicorder was 
calibrated by giving e known strain in the Strain Indicator, 
This was done by b3rpassing the filter as the filter cannot 
pass a d.c signal. So the filter insertion loss factor 
at various frequencies was found out in another experi- 
ment and this was used in calculating the amplitude of 
strain from the record. Records of the specimens were 
taken at three different sensitivity settings of the 
Strain Indicator so as to facilitate ease and accuracy 
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of measurement at all levels of strain. A typical record 
of fre^' vibration deca 3 r of a specimen is shown in Fig. 3.5* 

Actually, only the upper half of the trace, as 
shown in Fig, 3.6, was recorded to increase the accuracy 
of the measurement. All specimens were tested at atmos- 
pheric pressure and in vacuum to study the effect of air 
damping . 

The strain level during vibration was calculated 
by measuring the amplitude with the help of a divider and 
a diagonal scale and multiplying this value by the product 
of the calibration constant and the filter insertion loss 
factor. The logarithmic decrement at this strain level 
was calcinated by measuring the next successive amplitude 
and using Sqn. (2.1.5). Equation (2.1.6) was employed 
wherever the difference between two successive amplitudes 
was no G appreciable. A log-log graph of logarithmic 
decrement versus the amplitude of the measured strain was 
plotted from the above computations, 

3.3 Computation of Material Damping Characteristics 
from Specimen Damping 

Once the log-log plot of logarithmic decrement 
versus amplitude of measured strain is obtained, the 
material damping characteristics may be evaluated as 
butll3i4 below. 
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For uniaxial stress systems, the relationship 
between the energy dissipation and. the sti^ess amplitude 
may be expressed as C53 

J (3.3.1) 

where = energy?- dissipated per unit volume of the 

material per C37'cle3 
a = harmonic stress amplitude, 

J = damping constant, or the energy dissipated 
at unit stress amplitude, and 
n = damping exponent, 

J and n are material constants. The value of n may vary 
from 2 to 30 • But most materials upto a stress level near 
the fatigue limit show a value between 2 and 3. The value 
of n = 2 indicates that only linear mechanisms contribute 
to overall damping capacity of the material. To cover a 
wide range of stress amplitudes, Eqn. (3.3.1) is expressed 

as t? H 

= I (3.3.2) 

Equation (3.3.1) yields the constant J with 
very peculiar units depending on the other constant, n. 
This peculiarity is removed if is expressed in terms 

of the harmonic strain amplitude, e , rather than that of 
the stress Dg. 



Tl 31 

<!' e 


27 

(3.3.3) 


where J' = energy disoipatcd at unit strain amplitude 

However, for most materials, bo cover the low and the inter 
mediate strain ranges, it is better to express as 

follows 02 J 

e ' + ^2 ^ (3.3.^+) 

I I 

5 < 12 ) 31^ and n 2 represent the material damping 
characteristics. One of the major objectives of the thesis 
IS to evaluate these constants for four different materials 


In the present work, the damping capacity of the 
specimen has been expressed in terms of an equivalent 
logarithmic decrement 6 , given by Eqn, (2.1.7) 


D 


s = 


2 W< 


(3.3.5) 


The strain amplitudes have been taken to be the 
static strains under an equivalent static load P, acting 
at the free end of the specimen, which produces a tip 
deflection equal to the amplitude of oscillation at the 
free end. This assumption is justified as the cantilever 
specimen vibrates prodominantlj?- in the first mode Q51 


Now, from simple bending theory, the strain 
( £„), in an element, at a distance x from the free end 

JL. 


IS given by 
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„ _ P X y 

X ~ El 


(3.3.6) 


where 


y = distance of bhc clement from the neutral axis, 

E = modulus of elascicity of the material of 

the specimen, 
h h^ 

I = --J 2 = second moment of area of the cross 

section of the specimen about the neutral 
axis 

with h = height of the specimen 

and b = width of the spociraen. 


The energy dissipateci by the specimen in one 
cycle can be obtained from Eqn, (3»3.3) as 

b h/2 1 

D = 2 J' f f J e/ dx dy dz (3.3.7) 

00 o 

Substituting for from Eqn, (3.3.6), we get 


D 


s 


b h/2 1 

2 J’ / / / ( ) dx dy dz 

000 
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Integration over the limits yields 

n+1 n+1 


D = 2 Id J' 

s 


P 


n 


(|) 


1 


(E I) 


n 


(n + 1 ) ' 


(3.3.8) 


Applying Eqn. (3.3.6) to the amplitude of measured strain 


we have 


m 


P 1^ I 
E 1 


(3.3.9) 


where 1^ = distance of the centre of the strain gage 

from the free end of the cantilever. 

Using Eqns. (3.3.8) and (3.3.9) we finally obtain the 
relationship between and as 


D. 


J' 


® (n + 1)‘^ 
where V = b h 1 


( 


1 . 

1 . 


n 


n 


) ( e ) V 


m 


(3.3.10) 


volume of the specimen. 


The maximum elastic energy stored in the specimen 
during a cycle, is given by the expression 


W, 


1 


PA 


(3.3.11) 


where A = tip deflection of the specimen with an end 
load P. 


For a cantilever, A is given by 


A z- 


P 1' 


3 E I 


(3.3.12) 


Substitution of Eqn, (3*3.12) in Eqn, (3.3.11) yields 
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1 

2 


3 E I 


(3.3.13) 


Using Eqn, (3.3.9) in Eqn. (3.3.13) we get 

“s = 3 (3.3.1V) 

By substituting Eqns. (3.3.10) and. (3.3.1^) in 
Eqn. (3.3*5) j we arrive at the final expression for 6 as, 


X - 3 V J' 

® “ h Ell , ■ . 2 

(n + 1) 



n~2 

) 


n-2 

e 

m 


(3.3.15) 


Further simplification of the above expression using 
b h^ 

X _ and V = b h i gives. 



/ 1 _ 
C *1 

(n * 1)^ -^1 


n~2 


n~2 

e 

m 


(3.3.16) 


Equation (3.3.16) can be written as, 

n-2 

5 = K (3.3.17) 

2 

where K = 1 p ( ^ ) (3.3.18) 

^ (n + 1)"^ .1 

^ Eqn. ( 3 . 3 . 17 ) it can be seen that the slope 

of the log-log plot of 6 vs Ejjj will be equal to n - 2 . 
Hence the value of n is obtained from the plot. Using 
this value of n 5 K is obtained from Eqn, (3.3.17), 
and finally 1' is evaluated from Eqn. (3,3.18). ' 
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As a] ready mentionod carii,er,v if the raaterial 
damping characteristics is bo he expressed by Egn, (3‘3**+)? 
the corresponding expression for the logarithmic decrement 
of the specimen can easily be seen to be of the form, 
n^-? n2~2 




®in 


with 


and 


K. 


2 

E 



2 

E 


4“ 




^2 ^m 


<1. 


(n^ + 1)' 




(no + 1)' 


from Eqn, 


1 

i 




) 


n2“2 j 


(3.3.17) 

(3.3.19) 

from Eqn. (3.3.18) 

(3.3.20) 


Now, from the best-fib curves drawn through the 
experimental points of 6 vs ^2’ ^1 

. .1 I 

Kg are deduced by using Eqn. (3.3ol9). and Ig are 
evaluated from the values of and Kg respectively, by 
using Bqns. (3.3.20), The average slopes of the log-log 
plot of ^ vs at the lower and higher levels of strain 
are equal bo (n^ - 2) and (ng - 2) respectively. 
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CHAPTER 

RESULTS AI^D DISCUSSIONS 

4.1. Determination of Proper Clamping Torque 

First, in order to ascertain the necessary 

\ 

clamping force to minimize slip-damping at the support, 
free vibration records for the Aluminium specimen were 
obtained with various values of the clamping torque . The 
values of 5 evaluated at a certain fsox' call these cases 
are shown in Fig* 4.1. It can be observed that a clamping 
torque more than 40 ft lb.s is sufficient to ensure a proper 
clamped end condition. Throiighout the experiments, a 
clamping torque of ^0 ft. lbs. was maintained with the help 
of a torque wrench. 

4.2 Evalioation of Dpmping Constants of Materials 

Four different materials, namely, Aluminium, 

Cast Iron, Bakelite and Perspex v/ere tested and the damping 
constants of these materials were computed by the method 
outlined in Chapter 3. 

(i) Aluminiums For calculating the logarithmic decre- 
ment 5 of the Aluminium specimen, Eqn, (2.1,6) was used 
with the following values of p for different strain 
ranges. 
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FIG 4-1 VARIATION OF OVERALL DAMPING OF ALUMINIUM SPECIMEN WITH 
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where is the amplitude of the measured, strain. 

The above values of p \/ere chosen to increase 
the accuracy of calculations. Tlie use of a value for p 
more than unity is justified from the fact that the value 
of does not change significantly with strain amplitude 
in these ranges of 

Log-log plots of 5 vs for tnree different 

air pressures are shoxm in Fig. 4.2. It can be observed 
from the plots that for such low damping materials, air 
damping plays an important role above a certain value of 
the amplitude (30 y e approximately, in this case) even at 
such a low frequency (10.75 Hz). The damping due to the 
air, being an increasing function of the velocity of osci- 
llation IS seen bo increase as the amplitude of vibration 
increases. It can also be seen that the overall damping 
of the specimen, (even at the maximum strain level consi- 
dered in this work), measured at a pressure of 200 mm Hg 
IS not significantly higher than that at a pressure of 
25 mm Hg, Hence it was concluded th-t even for the 
Alminium specimons, the air damping can be neglected if 
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FIG. 4 2 DAMPING OF ALUMINIUM SPECIMEN FOR VARIOUS VALUES OF 
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the experiments are conducted at a pressure of 25" mm Hg. 

All subsequenb experiments on Aluminium specimens have 
been carried out at 25 mm Hg pressure. 

The large scatter in the results at lov levels 
of strain can be autributed to the following reasons- 

(a) loss in the accuracy of meaburement of the strauii 
amplitudes as the diagonal scale reads these correctly 
up bo two decimal places only, 

(b) exbraneous losses, e.g.jlosses ab the clamp, maybe 
comparable bo the material damping being measured, 

(c) the sensibivity of the strain gagos and that of the 
strain indicator are not reliable. 

Below a certain valuo of the value of 

remains constant. This indicates that only linear damping 
mechanisms are significanb at Buch low levels of strain. 

(ii) Cast Iron ; The specimens used were made from Grey 
Cast Iron of the following compositions 

Carbon 3.3^ 

Silicon 1.93^ 

Sulphu r 0 , 0^7 % 

Values of p used in Eqn. (2,1.6) bo evaluate 6 were 
p = 1 for 

5vi > o.5w 

O.Jl* e > OM e 


P = for 

and p = 8 for 


e 
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It can be noticed here that p = 1 has been used 
for a lessor value of than that in the case of Alumi- 
nium. This IS because Cast Iron has a much higher damping 
capacity than A3.uminium, In the record of a Cast Iron 
specimen, the difference in amplitudes between two succe- 
ssive peaks IS quite significant and so the accuracy in 
computation of 5 is not reduced by using lower values for 
p. For such high damping materials, scatter in the results 
IS also considerably reduced. 

As can be observed from the log-log plot of 
6 vs shown in Fig. 4-, 3, air damping for the Cast Iron 

specimen is negligible even at high amplitudes. So all 
subsequent measurements on Cast Iron specimens have been 
conducted at atmospheric pressure. 

The Cast Iron specimen behaves linear at low 
levels of strain as 6 remains cons bant, 

(ill) Bakelite; Values of p used in Eqn. (2.1.6) to 
evaluate 6 were 

p = 1 for > 2 p E 

and p = 4- for 2y e > > 0 ^ e 

From Fig. 4-, 4- it can be seen that p = 4- has 

been used only in the region where the Bakelite specimen 
behaves linear (i.e. 6 = constant). This is the range 

where 5 is independent of the value of p , 
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FIG. 4-3 DAMPING OF CAST IRON SPECIMEN AT DIFFERENT LEVELS OF STRAIN 
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FIG 44 DAMPING OF BAKELITE SPECIMEN AT DIFFERENT LEVELS OF STRAIN 
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Since Bakelite is also 3 high damping material, 
air damping is seen bo be negligible and scatter is also 
small , 

(iv) Perspeixs In the case of tho Perspex specimen, 
p = 1 was used at all levels of strain in the calculation 
of 5 from T3qn. (2*1,6). This was possible due to the high 
damping of the Perspex specimen as compared to the previous 
ones. This is partly due to the high damping of the mate- 
rial itself and partly duo to tho larger size of the 
specimen. 

As was the case vatli Cash Iron and Bakelite speci- 
mens, air damping is negligible for the Perspex specimen 
and scatter is also small. 

Figure 4,5' shows that 6 is constant for the 
entire range of This indicates chat Perspex behaves 

as a linear material in this strain range. 

Best-fib curves were drawn in Figs. 4.2 to 4.5 

! t 

and the values of , n 2 , K 2 , and J 2 deduced 

in each case using Fqns. (3»3.19) ^^nd (3*3.20). These 
values are given in Table 4.1, 

It was noted that for Aluminium, the damping 
capacity obtained (in the linear range) in the present 
work agrees very well with that predicted by the thermo- 
elasbic theory of Zener 06]. 
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FIG.4'5 DAMPING OF PERSPEX SPECIMEN AT DIFFERENT LEVELS OF STRAIN 
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11:^ should be noted that the quantity (Ug - 2) 
indicates the magnitude of non-linearity in the damping 
mechanisms. Moreover, the ratio indicates the level 

of strain ab which the non-linearity in the damping mecha- 
nisms commences. Higher value of the ratio signifies 
commencement of non-linearity at lower strain levels. From 
the values presented in Table !+.1, it can easily be seen 
that for Cast Iron, non-linear mechanisms are predominant 
even at low values of strain. Also the extent of non- 
linearity is more than that in other materials. This is 
believed to be due to the contribution from magneto-elastic 
damping which is a highly non-linear mechanism with a 
damping index n = 3« 

i+.3 Effect of Introduced Stress Concentration on 
Specimen Damping 

Stress concentration in the Cast Iron and 
Bakelite specimons was introduced by drilling hoi es as 
already explained in Chapter 3* A hon-diffiensional quan- 
tity, X , has been used to specify the size of the holes, 
where 

X - diameter of the hole .. 

^ ~ width of the specimen 

Both the specimens were tested with three diffe- 
rent values of X , X = 0.25, ^^d 0.5* Log-log plots 

of <S vs for these cases are shown in Figs«>.4-.,6 to 

>+.11. V "fid 'if - 
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FI6. 4-6 DAMPING OF CAST IRON SPECIMEN WITH HOLE SIZE X=0-25 
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Amplitude of measured strain (G. 
FIG. 4-8 DAMPING OF CAST IRON SPECIMEN WITH HOLE SIZE 
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FIG.4-9 DAMPING OP' BAKELITE SPECIMEN WITH HOLE SIZE A=0-25 
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FIG 4-10 DAMPING OF BAKELITE SPECIMEN WITH HOLE SIZE A = 0-4 




FIG 4-11 DAMPING OF BAKELITE SPECIMEN WITH HOLE SIZE A = 0'5 
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The increment in the damping capacity is expre- 
ssed as 6 / j where <S^ refers to the logarithmic 
decroniGnt ol tie imdisburbod (hole-free) specimen for the 
same amplibude of measured s brain. The values of 6 and 
5^ have been baken from the best— fit curves to the experi- 
mental data. Resulbs obtained for the variation in damping 
capacities of blio Cast Iron and Bakelite specimens are 
presented in Figs, >+.12 and ^.13. 

It can be observed that for the Cast Iron speci- 
men, inprovement in damping capacity with holes is 
prodominanb only ab low levels of measured strain ( 

At higher levels of there is a decrement in the damp- 

ing capaciby of Iho specimen with holes. 

The average increment in the overall damping of 
Lire specimen with holes is observed bo be negligible. 

This result is also expected from the theorebical analysis 
presented in reference PI because of the lev; value of the 
sndex ng obbaincd for Cast Iron. 

In the case of the Bakelite specimen (Fig. 4,13) 
there is a marked improvement in tho damping capacity 
at all levels ol measured strain ( Moreover, bhere 

IS an optimum size of hole for which the inprovement is 
maximum. The existence of this optimum size was shown 
in the theorebical analysis also [BJ. This is obviously 
the nebt outcome of the contradictory effects of stress 
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c one Gn1j Pel Lion and loss of mabGnal* The ophimum size of 
Lhe hole i.e» A =: is also the same as that predicted 

by the theory. However, it should be emphasised that 
Bakelite shows a marked departure from linear elastic 
behaviour which was assumed in the theoretical analysis. 

The average increment in the overall damping of 
the Bakelite specimen is seen to be oi the order of 
with X = 0.25, *+5/^^ with X = 0.4 and 20^^ with A = 0.5. 

To assess the loss in the static rigidity of the 
specimens due to tlie holes, a simple experiment was conduc- 
ted. The specimens were clamped in the set up and the 
free end was loaded using a pan with weights. The corres- 
ponding deflection at the tip was measured using a dial 
gauge. These results are presented in Figs. 4.14 and 4.1 5* 
The static rigidities of the specimens have been obtained 
from the slopes of these force vs deflection curves. The 
loss in static rigidity has been expressed as K/K^, where 
K and arc the stiffnesses of the specimen with and 
without holes respectively. The variation of this non- 
diraensional quantity with the size of the holes is shown 
in Fig. 4.16. 

It can be seen that for the Bakelite specimen, 
with optimum sized holes ( X = 0.4), an average increment 
in the damping capacity of the order of 45^ can be achie- 
ved at the expense of only 6^^ loss in the static rigidity. 
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FIG 414 LOAD DEFLECTION CHARACTERISTICS OF CAST IRON SPECIMEN 
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FIG 4 16 VARIATION IN STATIC RIGIDITY \A/1TH DIFFERENT HOLE SIZES 
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4-.^- Improvement of Damping Characteristics of 

Aluminium Specimen using High Damping Inserts 

As discussed earlier, inserts of three different 
materials (Cast Iron, Bake3.ite and Perspex) were pressed 
into three Aluminium specimens. After recording the vibra 
tion decay of these specimens, the inserts were, made 
annular as described in Chapter 3, Log-log plots of <S vs 
^m from the records of these specimens are shown 

in Figs. 4.20 to 4.22, Improvement of damping capacity of 

the Aluminium specimen wl-fch inserts is shown in Figs. 4.17 

to 4. , 19 . 

Before the detailed discussion of these results 
is presented, it- should be noted that improvement in damp- 
ing capacity with inserts is resulted due to one or more 
of the following reasons J 

(a) contribution from the volume of the inherently ■ 
high damping insert material, 

(b) contribution from the stress concentration in 

the insert material which will be somewhat 

^ inserts than that 

with solid inserts 

( c ) cont ribution from the stre ss concentration in 
the parent material (Aluminium) itself, which 
will; also be : more with annular' inserts thin ^ : 
with solid Insert s. 




FIG.4-1fi IMPROVEMENT OF DAMPING CAPACITY OF ALUMINIUM SPECIMEN WITH 
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FIG 4*19 IMPROVEMENT OF DAMPING CAPACITY OF ALUMINIUM SPECIMEN WITH 
PERSPEX INSERTS 
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Furthermore,- the relative amount of stress 
concentration in the insert material and Aluminium depends 
on their relative moduli! of elasticity. Moreover, it has 
already been seen jba Sec. 4.3, that the effect of stress 
concentration towards improvement of damping is predominant 
at lower values of measured strain. 

In reference |j7~| it has also been shown that the 
nature and the amount of improvement in the damping capacity 
depends on the type of fit. The following two extreme cases 
were considered 

(a) welded inserts, and 

(b) press-fit inserts with zero interference. 

• It was found that annular inserts of certain size 
produce maximum improvement in damping capacity in the case 
of welded inserts, whereas press-fit inserts yield maximum 
improvement when these are solid. 

The actual fit for the inserts obtained during the 
experiments will be a case in between these two extremes. 
Since so many factors are simultaneously Involved, no 
attempt has been made to pin-point the exact reasons for 
the improvement in the overall damping eapacities of the 
specimens with various inserts. 

(i) Cast Iron inserts 1 Table 4* i shows that the valpes 
of J* ' s and ng of Cast Iron are much greater, than those 



of Alutninium. Hcnco it can be expected that both, volume 
of inseit matoria] and stress concentration in the insert 
(and the spocimen), 'will contribute to damping improvement. 
From Fig. ^.1/ it can be seen thab a b low val'ues of the 
measured strain, annular inserts exhibit more damping 
improvemenb as compared to uhat by solid inserts. This may 
be atbributed to Lhe fact bhat stress concentration is more 
wibh annular inserts. However, at higher levels of the 
measured strain, the improvement is almost the same as 
Lhat produced by solid inserts. 

Average increment in bhe damping capacity of 
Aluminium specimen with Cast Iron inserts is seen to be of 
the order of wibh annular inserts and 35^^ with solid 
inserts* 

(ii) Bakelibe inserts: Figure 4-.18 shows that considerabl 
improvement in the damping capacity of the Aluraini'um speci- 
men is obtained with solid Bakclite inserts. Annular 
inserts give improvement orOy at low levels of the measured 
strain. Tins improvement is lesser than that obtained by 
solid inserts for the same level of measured strain. At 
higher levels of measured strain, annular inserts decrease 
the damping capacity of the specimen. The values of 
J* ' s of Bakelito are higher than those of Alumini'um. 

There is nob much difference in the values of n 2 ’ s of the 
two materials. Hence volume of the insert material rather 
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than stress concentration should contribute towards improve 
ment in the damping capacity. Moreover, since the modulus 
of elasticity of Bakelite is lessor than that of Alumnium, 
stress values in tho inserts are not high enough to contri- 
bute significantly towards damping improvement. Average 
improvement in the damping capacity with solid inserts is 
of the order of 45^. 

(ill) Perspex inserts? The modulus of elasticity of 
Perspex is very small as compared to that of Aluminium. 

So any improvement in damping capacity due to stress 
concentration will be due to the stress concentration intro 
duced in the Aluminium, Hie value of of Perspex (from 
Table 4.1) is seen to be less than twice that of Aluminium. 
This indicates that there will be marginal contribution 
towards improvement of damping due to the presence of the 
insert material. Figure 4.19 shows the improvement of the 
damping capacity of Aluminium specimen with Perspex inserts 
Ib can bo soon that there is little improvement in damping 
capaciLy with annular inserts? whereas there is almost no 
increase in the damping capacity with solid inserts. 
Average improvement in the damping capacitljr with annular 
inserts is about 20 % » 

The load- deflect ion characteristics of Aluminium 
specimens, with and without inserts, are shown in Fig. 

4.23. It IS seen that no significant change in the static 
rigidity takes place with either solid or annular inserts 
used in the present work. 




CHAPTER ^ 


GOHGLUSIONS 

The To] lowing conclusions can be drawn from the 
suits of the present work, 

(1) A Lest-rig, capable of measuring accurately 

damping capacities of materials has been deve- 
3 oped, 

(ii) hVen at low frequencies of oscillation, (of the 
order of 10 IIz), air damping needs to be accoun- 
ted for wliilo measuring damping capacities of 
low damping materials like Aluminium* 

(ill) Within the range of strain level covered in the 
present v/ork. Perspex behaves linearly whereas 
1 akeli te and AluminiiM show non-lineanty only 
near the higher end of this range. Cast Iron 
shows j)rodora3nant non-linear behaviour even at 
low values of the strain amplitude, 

(iv) Introduction of stress concentration increases 
the damping capacity of the Bak elite specimen 
by approximately with an optimum hole size 
( X s: The consequent fall in static 

rigidity is negligible. 
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(v) JliG cfloclj oT sLpgss cone cntro, 1(1011 in iinpro'ving 
tlio damping capaciLy, is found to bo more pre- 
doininanu at lower values of bho amplitude of 
osc Ll 1 aLion. 

(vi) In Lho case oX Llic Cast Iron specimen, there is 

no sJ-giiiticant iiiiprovement in the daiiping capacity 
with antroduGod slross concentration. 

(vii) Cast Iron and luili-e] ibo inserts increase the 

darapjnc, ccipaciby of Aluminiimi specimen consider- 
ably vd Lh almost no change in the static rigidity, 
hu significant improvement is observed with 
Porspc'X irifjGrts. 
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